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Dirac semimetals (DSMs), which host Dirac fermions and represent new state of quantum matter, have been
studied intensively in condensed matter physics. The exploration of new materials with topological states is im-
portant in both physics and materials science. In this article, we report the synthesis and the transport properties
of high quality single crystals of YbMnSb2. YbMnSb2 is a new compound with metallic behavior. Quantum
oscillations, including Shubnikov-de Haas (SdH) oscillation and de Haas-van Alphen (dHvA) type oscillation,
have been observed at low temperature and high magnetic field. Small effective masses and nontrivial Berry
phase are extracted from the analyses of quantum oscillations, which provide the transport evidence for the
possible existence of Dirac fermions in YbMnSb2. The measurements of angular-dependent interlayer magne-
toresistance (MR) indicate the interlayer transport is coherent. The Fermi surface (FS) of YbMnSb2 possesses
quasi-two dimensional (2D) characteristic as determined by the angular dependence of SdH oscillation fre-
quency. These findings suggest that YbMnSb2 is a new candidate of topological Dirac semimetal.
INTRODUCTION
The discoveries of three dimensional (3D) DSMs Na3Bi[1–
4] and Cd3As2[5–10] have inspired great interest in the study
of topological semimetals. In DSMs, the quasi-particles are
Dirac fermions, which are formed by the crossing of four-
fold degenerate linear bands and can be described by rel-
ativistic Dirac equations[11]. The breaking of time rever-
sal symmetry or space inversion symmetry will drive DSMs
into Weyl semimetals[12]. Recently, a family of compounds
(Nb/Ta)(P/As) has been experimentally confirmed as WSMs
with the remarkable properties such as Fermi arc and chiral
anomaly observed[13–27]. The node-line semimetals have
also attracted much attention recently, in which the Dirac
points form a continuous line or closed ring in the momen-
tum space[28–31].
The 112 type compounds AMnBi2 (A= alkaline earth/rare
earth metals)[32–48] and A′MnSb2 (A
′= alkaline earth
metals)[49–52] are known as members of Dirac materials. In-
teresting transport properties such as quantum oscillations,
large unsaturated linear magnetoresistance (MR), nontrivial
Berry phase, and coherent interlayer conductivity have been
observed in these materials. The Bi/Sb square net is a com-
mon feature in these materials and has been considered as
the platform of Dirac fermions. Compared to A′MnSb2, the
stronger spin-orbital coupling (SOC) effect from heavy Bi
atoms in AMnBi2 always open gaps at Dirac points, which re-
sults in larger effective masses of Dirac fermions[51]. There-
fore, A′MnSb2 is a more suitable platform to realize massless
Dirac fermions. On the other hand, the introduction of rare
earth elements into the place of A′ in A′MnSb2 is a guide to
design new materials[53].
In order to explore new materials and search for mass-
less Dirac fermions, we synthesized the single crystals of
YbMnSb2 and studied the transport properties. Similar to
other AMnBi2 and A
′MnSb2, YbMnSb2 is shown as a metal
with possible antiferromagnetic transition at TN=345 K. Clear
SdH and dHvA type oscillations have been observed at low
temperature and high field. The extracted values of Berry
phase from quantum oscillations are both nontrivial, indicat-
ing that YbMnSb2 may host Dirac fermions. The quasi-2D
characteristic of Fermi surface and coherent interlayer con-
ductivity are revealed by angular-dependent SdH oscillation
frequency and interlayer MR, respectively. Nonlinear Hall re-
sistivity suggests the coexistence of electron and hole carriers
in YbMnSb2.
EXPERIMENTAL AND CRYSTAL STRUCTURE
Large single crystals of YbMnSb2 were grown from anti-
mony flux. The starting elements, Yb, Mn and excess Sb,
were placed into a crucible and sealed in a quartz tube with
a ratio of Yb: Mn: Sb=1:1:4. The quartz tube was heated to
10500C in 60 h and then cooled to 6900C at a rate of 10C/h,
at which the excess Sb flux was separated from the crystals by
centrifugation. The obtained crystals are as large as 1 cm in
its one dimension. The atomic proportion were checked using
energy dispersive x-ray spectroscopy (EDS, Oxford X-Max
50). The patterns of single crystal and powder x-ray diffrac-
tion (XRD) were collected from a Bruker D8 Advance x-ray
diffractometer using Cu Kα radiation. TOPAS-4.2 was em-
ployed for the refinement. Resistivity measurements were per-
formed on a Quantum Design physical property measurement
system (QD PPMS-14T). The magnetic properties were mea-
sured with the vibrating sample magnetometer (VSM) option
of PPMS.
The powder XRD pattern of YbMnSb2 can be indexed
with either Pnma (same as CaMnSb2) or P4/nmm (same
as YbMnBi2) space group. The Rwp and χ
2 in both struc-
tures are extremely similar, and the structure of YbMnSb2
can’t be determined only with the refinement of powder XRD
2FIG. 1. (a) The crystal structure of YbMnSb2. (b) XRD of a YbMnSb2 single crystal. Inset shows a typical grown crystal with a scale of 1 cm.
(c) Powder XRD pattern with refinement. The experiment data is given by red circle. The black solid line indicates the fit. The difference is
plotted in blue. The positions of Bragg peaks of YbMnSb2 and Sb are denoted by pink and purple vertical lines, respectively. (d) Temperature
dependence of the in-plane resistivity ρxx at 0 T and 14 T. (e), (f) Temperature dependence of magnetization with the magnetic field along ab
plane and c axis, respectively.
patterns. Considering the recent related study on YbMnSb2,
where the structure of YbMnSb2 has been indexed to Pnma
space group with the single crystal x-ray diffractometer mea-
surement and analysis[54], the crystal structure of YbMnSb2
is illustrated in Fig. 1(a). In the structure of YbMnSb2,
each Mn atom is surrounded by four Sb atoms, forming the
MnSb4 tetrahedra. YbMnSb2 also possesses a Sb square net
(highlighted by red atoms in Fig. 1(a)), which is similar to
AMnBi2 and A
′MnSb2. Figure 1(b) shows the single crystal
XRD pattern with (00l) reflections, indicating that the surface
of crystal is ab plane. The powder diffraction pattern could be
well indexed in the P4/nmm space group (Fig. 1(c)). The
determined lattice parameters are a = b = 4.324(0)A˚ and
c = 10.839(8)A˚.
RESULTS AND DISCUSSION
Figure 1(d) presents the temperature dependence of in-
plane resistivity ρxx. ρxx exhibits a metallic behavior, and the
application of magnetic fields enhances the value of ρxx. Fig-
ures. 1(e) and 1(f) present the temperature dependent magne-
tization measured by applying magnetic field along ab plane
and c axis. Below 345 K, the decrease of M(T) for B//c and
B//ab indicates the emergence of possible long range antifer-
romagnetic order. M(T) reduces sharply for B//c while slightly
for B//ab, suggesting that c axis is the magnetic easy axis (de-
magnetizing effects have been considered). At low tempera-
tures, significant magnetization upturns are observed for both
B//ab and B//c, which may originate from the development of
a ferromagnetic component due to canted antiferromagnetic
moments[50].
Figure 2 shows the quantum oscillations in YbMnSb2. As
shown in Figs. 2(a) and 2(e), clear SdH and dHvA type
oscillations can be observed at low temperature and high
field. With temperature increased, the oscillations become
weaker gradually. The oscillatory components of resistivity
and magnetization are obtained by subtracting a smooth back-
ground. Figures 2(b) and 2(f) plot the oscillation amplitudes
of resistivity (∆ρxx = ρxx− < ρxx >) and magnetiza-
tion (∆M = M− < M >) against 1/B, respectively. A
nearly single frequency (FSdH = 73.0T , FdHvA = 73.4T )
has been derived from the fast Fourier transformation (FFT)
spectra for both SdH (Fig. 2(c)) and dHvA (Fig. 2(g)) oscilla-
tions. According to the Onsager relation F = (φ0/2pi
2)AF =
(h¯/2pie)AF , the frequency F is proportional to the cross
sectional area AF of FS normal to the field. The frequen-
cies FSdH and FdHvA in YbMnSb2 are smaller than those
in (Ca/Sr/Yb)MnBi2[32, 33, 37, 48] but greater than those
in (Ca/Sr/Ba)MnSb2[50–52], which indicates that YbMnSb2
possesses a moderate FS area in the Mn-based 112 fam-
ily. The relationship between structure type/magnetic struc-
ture/lattice parameters and FS area demands further study.
In SdH and dHvA oscillations, the amplitude can be de-
scribed by Lifshitz-Kosevich (LK) formula[55],
∆ρ ∝
λT
sinh(λT )
e−λTDcos[2pi(
F
B
−
1
2
+ β + δ)] (1)
∆M ∝ −B1/2
λT
sinh(λT )
e−λTDsin[2pi(
F
B
−
1
2
+β+δ)] (2)
where λ = (2pi2kBm
∗)/(h¯eB). 2piβ is the Berry phase, and
TD is Dingle temperature. δ is a phase shift. δ = 0 and ±1/8
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FIG. 2. Quantum oscillations in YbMnSb2. (a), (e) Magnetic field dependence of resistivity and magnetization at various temperatures. (b),
(f) The amplitude of SdH and dHvA oscillations plotted as a function of 1/B. (c), (g) FFT spectra of the oscillations. The insets are the
temperature dependence of relative FFT amplitude of the main oscillation frequency. The red solid lines are the fits based on LK formula. (d),
(h) The LK fits (red lines) of SdH and dHvA oscillations at 2.1 K and 2.2 K, respectively. The insets are the corresponding Landau level (LL)
index fan diagrams. For SdH oscillation, the valleys (red circles) and peaks (blue circles) are assigned as half integer and integer LL indices,
respectively. For dHvA oscillation, the valleys (red circles) and peaks (blue circles) are assigned as n+ 1
4
and n− 1
4
LL indices, respectively.
for the 2D and 3D systems, respectively. The thermal factor
RT = (λT )/sinh(λT ) in L-K formula has been employed
to describe the temperature dependence of FFT amplitude.
As shown in the insets of Figs. 2(c) and 2(g), the tempera-
ture dependence of relative FFT amplitude can be well fitted,
and the extracted effective masses are m∗SdH = 0.13me and
m∗dHvA = 0.11me. Small effective mass is usually a charac-
teristic of Dirac fermion. The effective masses in YbMnSb2
are comparable with that of Sr1−yMn1−zSb2 (0.14me)[50]
but slightly larger than those of CaMnSb2 (0.05-0.06me)[52]
and BaMnSb2 (0.052-0.058me)[51].
Berry phase 2piβ can be obtained from the analyses of
quantum oscillations. A nontrivial pi Berry phase is expected
for the relativistic Dirac fermions. There are two methods
to extract the Berry phase. One is to map the Landau level
(LL) index fan diagrams. The LL index n is related to 1/B by
Lifshitz-Onsager quantization ruleAF (h¯/2pieB) = n+1/2−
β − δ, the Berry phase can be extracted from the intercept of
the linear extrapolation. Another one is to fit the field depen-
dence of oscillation amplitude with LK formula directly. In
order to guarantee the reliability of the obtained Berry phase,
we extracted the Berry phase from SdH and dHvA type os-
cillations using both methods (Figs. 2(d), 2(h) and the insets).
As shown in the Table I, all the obtained values of Berry phase
are very close to nontrivial value pi, which indicates the possi-
ble existence of Dirac fermions in YbMnSb2.
The LK fits also yield the Dingle temperatures, which re-
late to the quantum lifetime and quantum mobility by τq =
h¯/(2pikBTD) and µq = eτq/m
∗. As shown in Table I, the ob-
tained quantum mobilities are µq(SdH) = 0.16m
2/V s and
µq(dHvA) = 0.11m
2/V s, both of which are comparable
with that of BaMnSb2 (0.128m
2/V s)[51] but much higher
than those of SrMnSb2 (0.057m
2/V s)[50] and SrMnBi2
(0.025m2/V s)[36]. The Fermi velocity vF = h¯kF /m
∗ and
Fermi energyEF = m
∗v2F derived from quantum oscillations
have also been listed in Table I.
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FIG. 3. (a) The normalized interlayer resistivity ρz(θ)/ρz(0) at
T=2.5 K and different magnetic fields. The inset shows the definition
of θ. (b) The normalized interlayer resistivity ρz(θ)/ρz(0) at B=14
T and different temperatures. In (a) and (b), the data are shifted along
the vertical axis for clarity.
In layered metals, an interesting topic is to study the inter-
layer transport properties. The motion of carriers between the
layers may be coherent or incoherent[56, 57]. For the incoher-
ent interlayer transport, FS is only defined within the plane of
layers since the scattering rate in the layer is much larger than
the interlayer hopping integral[58]. The interlayer conductiv-
ity is proportional to the tunneling rate between layers[56, 59].
However, in the case of coherent interlayer transport, the in-
terlayer conductivity is determined by the carriers scattering
rate and the electronic group velocity perpendicular to the
layers[56, 57]. As presented in Figs. 3(a) and 3(b), the in-
terlayer resistivity ρz(θ) exhibits a sharp peak when θ = 90
0,
at which the magnetic field is rotated into the ab plane. The
4TABLE I. Parameters derived from SdH and dHvA oscillations. F , oscillation frequency; AF , cross sectional area of FS normal to the
field; kF , Fermi vector by assuming a circular cross section; TD, Dingle temperature; m
∗, effective mass; τ , quantum lifetime; µq , quantum
mobility; vF , Fermi velocity; EF , Fermi energy; 2piβ, Berry phase.
F (T) AF (A˚
−2) kF (A˚
−1) TD (K) m
∗/me τ (10
−13s)
µq
(m2/Vs)
vF (m/s) EF (eV)
2piβ
(δ = 0)
(LK fits)
2piβ
(δ = 0)
(LL fan diagrams)
SdH 73 0.007 0.047 10.1 0.13 1.2 0.16 4.1×105 0.126 0.972pi 1.056pi
dHvA 73.4 0.007 0.047 18.5 0.11 0.7 0.11 5.0×105 0.157 1.007pi 1.057pi
intensity of the peak decreases gradually with increasing tem-
perature or decreasing field. The peak is attributed to the small
closed orbits[60] or the self-crossing orbits[61, 62] on the side
of warped quasi-2D FS. The angular dependence of interlayer
MR reveals the coherent interlayer transport in YbMnSb2.
There are several additional peaks around θ = 900, which
are called Yamaji peaks[63]. Yamaji peaks originate from the
geometrical effect of quasi-2D FS[40, 64, 65], and the peak
positions are independent of the magnetic field strength.
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FIG. 4. (a) The definition of ϕ. (b) and (c) are the oscillatory compo-
nents and FFT spectra of SdH oscillation under different ϕ, respec-
tively. The temperature is fixed at 2.5 K. In (b) and (c), the data are
shifted along the vertical axis for clarity. (d) The angle dependence
of the main SdH oscillation frequency determined from FFT spectra.
The red solid line is the fit to F (ϕ) = F (0)/cosϕ.
To get more information about the FS of YbMnSb2, we per-
form the measurements of angular-dependent transverse MR.
As shown in Fig. 4(a), the current I flows in ab plane and
the magnetic field B rotates in the plane perpendicular to the
current. ϕ is the angle between c axis and the field. Figures.
4(b) and 4(c) show the oscillatory component and frequency
of SdH oscillation under different angle ϕ. As the magnetic
field is rotated from ϕ = 00 to ϕ = 600, the SdH oscillation
pattern and FFT spectra evolve systematically. The main os-
cillation frequency follows F (ϕ) = F (0)/cosϕ and can be
well fitted as shown in Fig. 4(d), which suggest that the FS
responsible for SdH oscillation is quasi-2D.
Figure 5(a) displays the magnetic field dependence of the
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FIG. 5. (a) The magnetic field dependence of Hall resistivity of
YbMnSb2 at various temperatures. The inset shows the two-band
model fitting (red solid line) of the Hall data at 2 K. (b) The temper-
ature dependence of mobility (µh) and concentration (nh) of holes.
(c) The temperature dependence of mobility (µe) and concentration
(ne) of electrons.
Hall resistivity ρxy at different temperatures. Nonlinear be-
havior of ρxy indicates the coexistence of electron and hole in
YbMnSb2. Thus, semiclassical two-band model is employed
to describe the Hall resistivity:
ρxy =
B
e
(nhµ
2
h − neµ
2
e) + (nh − ne)(µhµe)
2B2
(nhµh + neµe)2 + (nh − ne)2(µhµe)2B2
(3)
where ne(nh) and µe(µh) correspond to electron (hole) con-
centration and electron (hole) mobility, respectively. The fit-
ted curve (red solid line) is consistent with the experimental
curve (violet dots) as shown in the inset of Fig. 5(a). Fig-
ures 5(b) and 5(c) show the temperature dependence of the
carrier concentration and mobility of hole and electron, re-
spectively. The carrier concentrations increase with increas-
ing temperature. But for the concentration of electron, there
is a slight drop from 60 K to 100 K. The concentrations at 2
K are nh = 4.67 × 10
19cm−3 and ne = 8.10 × 10
17cm−3,
respectively. With the temperature increased, both the mobil-
ities of hole and electron reduced. The mobilities at 2 K are
µh = 1310cm
2V −1s−1 and µe = 6538cm
2V −1s−1, respec-
tively.
SUMMARY
In summary, we have grown high quality single crystals of a
new compoundYbMnSb2 and investigated the transport prop-
erties. YbMnSb2 exhibits metallic behavior and shows a pos-
5sible antiferromagnetic transition at TN=345 K. Both SdH os-
cillation and dHvA type oscillation are observed in YbMnSb2.
The analysis of quantum oscillations yields nontrivial pi Berry
phase and small effective masses, which are usually the char-
acteristics of Dirac fermions. Coherent interlayer conduc-
tivity has been revealed by the angular-dependent interlayer
MR. The angular dependence of the main SdH oscillation fre-
quency suggests the quasi-2D feature of corresponding FS.
YbMnSb2 contains two types of carriers, and the carrier con-
centrations and mobilities are obtained by fitting the Hall data.
Our work indicates that YbMnSb2 is a new candidate of Dirac
semimetal with coherent interlayer transport and quasi-2D FS.
Note added. When the paper is being finalized, we notice
one related work on YbMnSb2[54].
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